Lower Paleozoic Rocks West of the Clinton-Newbury Fault Zone, Worcester Area, Massachusetts by Hepburn, J. Christopher
University of New Hampshire 
University of New Hampshire Scholars' Repository 
NEIGC Trips New England Intercollegiate Geological Excursion Collection 
1-1-1976 
Lower Paleozoic Rocks West of the Clinton-Newbury Fault Zone, 
Worcester Area, Massachusetts 
Hepburn, J. Christopher 
Follow this and additional works at: https://scholars.unh.edu/neigc_trips 
Recommended Citation 
Hepburn, J. Christopher, "Lower Paleozoic Rocks West of the Clinton-Newbury Fault Zone, Worcester Area, 
Massachusetts" (1976). NEIGC Trips. 260. 
https://scholars.unh.edu/neigc_trips/260 
This Text is brought to you for free and open access by the New England Intercollegiate Geological Excursion 
Collection at University of New Hampshire Scholars' Repository. It has been accepted for inclusion in NEIGC Trips 
by an authorized administrator of University of New Hampshire Scholars' Repository. For more information, please 
contact nicole.hentz@unh.edu. 
Trip F-2





U.S. Geological Survey and Department of Geology and 
Geophysics, Boston College, Chestnut Kill, Massachusetts.
Introduction
The stratified rocks of the easternmost part of the Merrimack 
synclinorium, west of the Clinton-Newbury fault zone, will be the 
main emphasis of this excursion. The field trip is designed to 
coordinate with other N.E.I.G.C, excursions (this volume) in east- 
central Massachusetts by Grew, Barosh, Pease and Fahey, and Stone.
The stratified rocks of the Worcester area occur in a complex 
westerly dipping sequence. Type localities for many of Emerson's 
(1917) classic units are found within the region. A low-grade 
(chlorite zone) metamorphic trough passes through the Worcester 
area (Thompson and Norton, 1968), with the grade of metamorphism 
increasing both to the east and west away from the axis of the 
trough. Just to the east of Worcester, the Clinton-Newbury fault, 
an offset of regional significance (Skehan, 1968, 1969), separates 
these rocks from the Nashoba and Marlboro Formations at high 
metamorphic grade to the east (Bell and Alvord, 1974; see Pease 
and Fahey, this volume).
Most of the rocks west of the Clinton-Newbury fault zone in 
central Massachusetts are now believed to be of probable Silurian (?) 
and (or) Devonian(?) age. Grew (1973; see Grew, this volume) has 
shown that the Pennsylvanian exposures in the area are limited to 
a few small remnants (Fig. 1). Emerson (1917) was thus probably 
in error in assigning a Carboniferous age to most of the rocks in 
the Worcester area.
The present work in the Worcester North quadrangle and surrounding 
areas is part of a cooperative program by the U.S. Geological Survey 
and the Massachusetts Department of Public Works. As this work is 
still in progress by the author and several others, this report 
must be considered to be of preliminary nature. Stratigraphic names 
and correlations presented here have not been formally accepted by 
the U.S. Geological Survey or even by all of my colleagues mapping 
in adjacent areas. Stratigraphic correlations in unfossiliferous, 
highly deformed metamorphic rocks are always most difficult and
* Publication authorized by the Director, U.S. Geological Survey.
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need to be solved by mapping on a regional scale; this mapping 
is not yet complete. Therefore, I have tried to present the 
stratigraphic names and designations in the literature for the 
individual units seen on the trip, as well as my own interpreta­
tions. Generally, the recently published stratigraphic succession 
from the Clinton quadrangle (Peck, 1975, 1976) has been followed 
here.
Previous Work
Although earlier descriptions of the geology of the Worcester area 
are available (the Pennsylvanian coal mine in particular attracting 
much attention), Perry and Emerson (1903) compiled the first detailed 
bedrock geologic map of the area with comprehensive descriptions of 
the units. Emerson (1917) included much of this work, with revisions, 
in his classic statewide compilation and designated type-localities 
of several formations in the general Worcester area. More recent 
studies have been completed on the plant fossils at the Worcester 
coal mine (Grew, Mamay, and Barghoorn, 1970) and the geology of the 
Pennsylvanian and surrounding rocks (Grew, 1970, 1973). Peck 
(1975, 1976) has recently mapped the Clinton quadrangle and estab­
lished a stratigraphic succession there. The Webster quadrangle 
to the south has recently been mapped by Barosh (1974). Detailed 
studies in the Wachusett-Marlborough tunnel to the northeast 
have been made by Skehan (1968), Skehan and Abu-moustafa (1976), 
and Abu-moustafa and Skehan, (1976). Bell and Alvord (1974, 1976) 
have compiled the first regional comprehensive studies of the rocks 
east of the Clinton-Newbury fault zone (see Pease and Fahey, this 
volume).
Stratigraphy
Nashoba Formation: The Nashoba Formation consists of gray to
black, layered biotite gneiss, biotite schist, feldspathic gneiss 
with common megacrysts of feldspar, and minor augen gneiss. Garnet 
and sillimanite porphyrobIasts are locally present, as are calc- 
silicate granulite and amphibolite layers. The Nashoba was 
named by Hanson (1956) for exposures along Nashoba Brook in the 
Maynard and Westford quadrangles. Previously, these rocks in 
the Worcester area had been called the Bolton Gneiss by Perry 
and Emerson (1903) and "gneisses and schists of undeterminated 
age" by Emerson (1917).
"Science Park unit*1 ; An informally named unit well exposed at the 
Worcester Science Park, which includes gray, moderately foliated, 
medium-grained quartz-feldspar-biotite gneiss or schistose gneiss 
with garnet porphyrobIasts and rare sillimanite. Very rusty-
* Unpublished name used informally for convenience of discussion 
and reference.
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weathering, dark gray, carbonaceous phyllite or schist is present 
locally. This schist contains a few coticule layers near the 
western boundary of the unit.
"Tower Hill Quartzite": The "Tower Hill Quartzite" is a distinctive
light gray to buff, massive orthoquartzite with beds of dark gray 
phyllite or mica-schist prevalent near the contacts. Biotite and 
garnet porphyrobIasts are common in the schist. Quartz-pebble 
conglomerate has been noted at one locality (STOP 3). The "Tower 
Hill Quartzite" was named by Grew (1970) and is equivalent to his 
Unit C (Grew, 1973) and to Peck's (1976) Unit 1. This unit was 
included in the Oakdale Quartzite by Emerson (1917).
Oakdale Quartzite: The Oakdale Quartzite includes green-gray
to purplish-gray, impure quartzite, quartz-rich phyllite or 
meta-siltstone, with interbedded phyllite, mica-schist, and 
laminated quartz-phyllite (quartz-rich laminae 1 cm. thick or 
less, separated by even thinner micaceous partings). Ankerite 
and (or) calc-silicates are common accessory minerals. Local lenses 
of black to gray phyllite and carbonaceous phyllite are present.
The Oakdale Quartzite was named by Emerson (1917) and corresponds 
to the Worcester Quartzite of Perry and Emerson (1903), Unit D of 
Grew (1973) and most probably Units 2 and 5 of Peck (1976).
Worcester Phy11ite: The Worcester Phyllite consists of gray,
well-foliated micaceous phyllite or schist with interbeds of impure 
quartzite or meta-siltstone a few centimetres to one metre thick. 
Grading is common in these beds, and many contain minor amounts of 
calc-silicate minerals (usually hornblende or actinolite). This 
unit has been interpreted as a meta-turbidite by Peck (1976) , who 
indicates that the abundance and thicknesses of the meta-siltstone 
beds increase toward the west in the Clinton quadrangle. Also 
included in this formation are coticule-bearing, impure quartzite 
beds that were included within the Oakdale by Emerson (1917).
The Worcester Phyllite has many nomenclature problems associated 
with it, since both known Pennsylvanian (Grew, Mamay, and Barghoorn, 
1970) and units now believed to be pre-Pennsylvanian have been 
included within it (Emerson, 1917; Perry and Emerson, 1903). I 
have chosen here to keep the name Worcester Phyllite for the wide­
spread pre-Pennsylvanian rocks described above and to place the 
known Pennsylvanian deposits into another unit. The Worcester 
Phyllite so defined would then correlate approximately with Units 
B and E of Grew (1973) and Units 3 and 4 of Peck (1976). It would 
also include Emerson's (1917) Boylston Schist.
Pennsylvanian rocks; Rocks of known Pennsylvanian age (Grew, Mamay, 
and Barghoorn, 1970) at the Worcester coal mine locality include 
shiny gray to dark gray, carbonaceous phyllite with thin beds of 
impure meta-anthracite. Rocks of probable Pennsylvanian age (Grew, 
1973) occur near the Worcester railroad yards adjacent to STOP 8 
(Figure 1). They include brown-gray mudstone to phyllite and car­
bonaceous phyllite with thin beds of feldspathic granule conglo-
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merate, arkose, and rare stretched granite-pebble conglomerate 
(see Grew, this volume). These rocks were included in the 
Worcester Phyllite by Perry and Emerson (1903) and Emerson 
(1917), and in Units F and G of Grew (1973).
Igneous Rocks
The igneous rocks in the area include the following:
"Millstone Hill Granite", a white to light gray, medium-grained, 
largely unfoliated, blue quartz-bearing granite to quartz mon­
zonite.
Fitchburg Granite, a two-mica, fine to medium-grained, white to 
light gray, weakly foliated to unfoliated granite typical of the 
New Hampshire Plutonic Series (Billings, 1956).
Ayer Granite, a light gray, moderately coarse-grained, two mica 
granodiorite to granite that locally contains large feldspar 
phenocrysts.
Foliated granodiorite, a strongly foliated, medium-grained gran­
odiorite in the southeastern part of the Worcester North quadrangle 
that contains numerous biotite-rich inclusions elongated parallel 
to the foliation.
Aqe and Correlation
The most recent summary of the age and correlation of the pre- 
Pennsylvanian rock units pertinent to the Worcester area is given 
by Peck (1976). Grew, Mamay, and Barghoorn (1970) summarize the 
fossil evidence for the Pennsylvanian age of the rocks at the 
Worcester coal mine. No fossils have been found in the pre- 
Pennsylvanian rocks in the region. A questionable Silurian age is 
established for the "Tower Hill" and Oakdale Quartzites by correlation 
with the Merrimack Group in southeastern New Hampshire (Billings,
1956) and York County, Maine (Hussey, 1968). The Merrimack Group 
is dated by correlation with the fossiliferous Silurian rocks near 
Waterville, Maine (Osberg, 1968). The Worcester Phyllite is con­
sidered Devonian (?) or Silurian (?) by tentative correlation with 
southeastern New Hampshire and southwestern Maine or by correlation 
with the Littleton Formation in south-central New Hampshire. The 
Nashoba is best dated as Ordovician(?) or older (see Pease and Fahey, 
this volume). The Ayer, Fitchburg, and "Millstone Hill" Granites 
are probably Devonian. Zartman and others (1965) have determined 
rubidium-strontium whole rock and muscovite ages of 345il5 m.y. 
and 360±10 m.y. for the "Millstone Hill Granite". The strongly 
foliated granodiorite in the southeastern part of the Worcester 
North quadrangle is thought to be pre-Acadian.
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LOWER PALEOZOIC ROCKS WEST OF THE CLINTON-NEWBURY
FAULT ZONE, WORCESTER AREA, MASSACHUSETTS
Road Log
The trip will include part of the Worcester North, Sterling, and 
Shrewsbury 7 1/2'quadrangles. Bring lunches.
Meet at the Lincoln Plaza Shopping Center across from Sheraton 
Lincoln Inn, on Route 70 north of Worcester, by Papa Gino's 
restaurant. To reach Lincoln Plaza, follow Rt. 70, 2.2 miles 
northeast from the traffic circle where Rts. 9, 70 and 122A 
junction, north of Worcester Center. If approaching Worcester by 
1290 from the east, exit directly onto Rt. 70 North at the Lincoln 
Street exit (not the exit marked "to 70 North", Plantation Street) 
and proceed 0.7 miles north on Rt. 70. The most convenient way 
for participants arriving by 1290 from the south and west is for 
them to leave 1290 at the exit for Rt. 9 East, turn left (west) 
at the top of the ramp and proceed two blocks to the above traffic 
circle.
Trip will leave Lincoln Plaza Shopping Center at 9:00 A.M. Early 
arrivals may examine outcrops of the Oakdale Quartzite opposite 
the shopping center along Rt. 70.
MILEAGE
Cum. S/S
o•o 0.0 Road log begins at exit from parking lot onto Rt. 
TURN RIGHT (north).
70;
0.1 0.1 Outcrop, Oakdale Quartzite on right.
0.3 0.2 Bear left and stay on Rt. 70. Good exposures of 
Oakdale Quartzite are along here.
0.7 0.4 Junction with Plantation St. at light; stay straight 
on Rt. 70, entering Shrewsbury.
2.2 1.5 Bear right and stay on Rt. 70. Oakdale Quartzite 
on hill to left.
ahead
2.6 0.4 Enter Shrewbury quad.
3.4 0.8 Junction Rts. 70 and 140; TURN LEFT (north) onto 
Rt. 140.
3.6 0.2 Outcrops of Oakdale Quartzite. We will return tc 
later at Stop 4. Re-enter Worcester North quad.
these
4.1 0.5 Wachusett Reservoir on right.
4.5 0.4 Entering West Boylston.
4.9 0.4 Large forest beds in Pleistocene delta to left.



















0.5 Continue on Rts. 12 and 140; SHARP RIGHT under
railroad overpass.
0.2 Cross Wachusett Reservoir.
0.2 Junction Rts. 140 and 12 on east side of reservoir;
stay right on Rt. 12. Entering Sterling quad.
0.2 Junction Rts. 12 and 110; BEAR RIGHT (east) onto
110.
0.1 Note road to left, opposite the Dutch Cupboard
gift shop. We will be returning here following
Stop 1.
0.5 Pass under powerlines; outcrop of Oakdale on left.
0.9 Small outcrop of Worcester Phyllite on left.
0.1 TURN RIGHT (south) into driveway by house, opposite
large red barn of Mt. View Farm. This is an access 
to M.D.C. property.
0.05 Pass through gate (usually locked, key may be
obtained from superintendent at Wachusett Dam.in 
Clinton).
0.05 Pass second gate.
0.1 Just beyond second gate TURN RIGHT and pass
immediately through another gate. Follow this 
road to Wachusett Reservoir.
0.9 TURN LEFT at T junction. Enter Worcester North
quad.
0.05 TURN RIGHT.
0.15 TURN RIGHT and follow to end of road.
0.2 Park at loop. Walk downhill to southeast, to
outcrops along the shore on the east side of 
Shalon Point. Boundary of Shrewsbury and Worcester 
North quads. M.D.C. property; No Smoking and of 
course, No Littering.
Worcester Phyllite, Emerson (1917); Unit E, Grew (1973); 
Unit 3, Peck (1976). Rock is gray weathering, light 
gray, fine-grained, fissile phyllite with interbeds of 
meta-sandstone or siltstone a few cms. to 1/2 metre in 
thickness. The metamorphic grade here is low, biotite 
grade or less. Grading in some of the meta-sandstone 
beds ind.i cates tops here are to the west, and the beds are 
right side up. Abundant minor folds make these outcrops 
an excellent place to illustrate fold measurement tech­
niques to students. The folds generally plunge north­
east at moderate angles with axial surfaces that strike 
north to northeast and dip steeply west. Some fold axes 
can be seen to porpoise (roll over) in the outcrop. The 

















when viewed down plunge to the northeast. They fold 
bedding and also an earlier schistosity and lineation.
In the phyllitic beds, a cleavage is well developed 
parallel to the axial planes of the folds.
Return to cars and retrace route to Rt. 110. Re-enter 
Sterling quad.
1.5 TURN LEFT (west) onto Rt. 110.
1.5 SHARP TURN RIGHT (north) onto Prescott St., just
before intersection of Rts. 110 and 12 (by Dutch 
Cupboard gift shop, large maroon sign).
0.1 Junction Rt. 12 and Prescott St. Continue across
Rt. 12 on Prescott St.
lt3 At railroad crossing, park and walk west along
railroad tracks about 150 metres to STOP 2.
Outcrops of the Oakdale Quartzite near the type locality 
of Emerson (1917). Rock is gray-weathering, light gray 
to shiny gray phyllite and quartz-rich phyllite, inter­
bedded with tan to gray-green weathering beds of impure 
quartzite and meta-siltstone a few cms. to 1 metre thick 
These beds are slightly calcareous and commonly contain 
numerous brownish ankeritic spots. Thin laminae of gray 
green micaceous phyllite are present in some of the neta 
siltstone beds. This locality illustrates the variety 
of rock-types in the Oakdale Quartzite.
Return to cars. Turn around and head south on Prescott 
Street.
0.05 TURN RIGHT almost immediately onto unmarked gravel
road. This is Pleasant St.
1.0 Junction with Rt. 140; TURN RIGHT (north) onto 140,
to village of Oakdale.
0.15 At west end of bridge. TURN LEFT onto Thomas St.
and proceed south along the west side of Wachusett 
Reservoir.
0.3 Exposure of Pleistocene delta sands to right.
0.2 Enter Worcester North quad.
0.7 Continue straight at intersection.
0.5 Continue straight at intersection.
0.1 Pass West Boylston Post Office on right.
0.2 Junction with Rts. 12 and 140; continue straight on
Rt. 140.
0.4 Junction with Worcester St. Stay left; continue on
Rt. 140.
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18.6 0.1 TURN RIGHT onto Maple St.
19.4 0.8 At Y intersection, take left fork onto Shrewsbury
St. Outcrop of Oakdale on left.
19.7 0.2 Park along roadside or in pull-off on right. Walk
along dirt road approximately N40E, 200 metres into 
the woods to outcrops.
STOP 3. "Tower Hill Quartzite" (Grew, 1970), Unit C of Grew (1973),
Unit 1 of Peck (1976). The first knoll consists of dark 
gray to rusty-weathering mica schist and light gray ortho- 
quartzite. PorphyrobIasts of garnet and biotite are common 
in the schist.
Proceed east 30 metres to south end of second small hill. 
Outcrops are gray quartzite with interbeds of quartz-rich 
mica schist and quartz pebble conglomerate. The conglo­
merate has a quartz-rich schistose matrix. The pebbles 
are flattened in the foliation plane and elongated 
parallel to the prominent quartz-streaming lineation that 
plunges north at shallow angles.
Proceed north along the ridge about 75 metres to the out­
crop with several large blown-down trees on it. This is 
the best exposure of the quartz-pebble conglomerate, which 
here has rounded quartzite and vein quartz pebbles to 
10 cm. in length in a quartz-rich schistose matrix. These 
pebbles are not deformed. On top of the hill, the ortho- 
quartzite is well exposed and folded with fold axes parallel 
to the north-plunging lineation.
Return by heading south to old dirt road at the edge of the 
woods and follow it west to the cars. Continue south on 
Shrewsbury St.
20.1 0.4 Outcrops on left, behind oil tanks, are the 
Hill Quartzite".
"Tower
20.6 0.5 Hospital Drive; TURN LEFT toward Worcester ' 
Hospital.
County
21.0 0.4 Continue left at Y-intersection.
21.1 0.1 Stay straight.
21.8 0.7 Junction with Rt. 70; TURN LEFT onto Rt. 70 •
22.2 0.4 Enter Shrewsbury quadrangle.
22.9 0.7 Junction of Rts. 70 and 140; TURN LEFT onto 140.
23.1 0.2 Enter Worcester North quadrangle. Pull off 
right shoulder of the road and park.
onto the
STOP 4. Oakdale Quartzite. Typical light gray to purplish-brown






to gray-green phyllite of the Oakdale Quartzite 
(Emerson, 1917; Unit D, Grew, 1973; Unit 2 of Peck,
1976). Siltstone beds range in thickness from 1 to 10 
cm. and are separated by thin partings of micaceous 
phyllite or interlaminated with paper thin phyllite 
partings on a scale of a few millimeters. Ankerite 
causes the characteristic purplish-brown weathering 
spots in the siltstones. The beds here strike N35°E 
and dip 35°NW. Note the small, tight folds with axial 
surfaces approximately parallel to the bedding. Late 
kink bands with steeply dipping axial surfaces are 
conspicuous.
Return to cars. Proceed on Rt. 70 to bottom of the hill.
0.4 Carefully turn around and retrace route to the
Junction of 140 and 70. Enter Shrewsbury quad.
0.6 Junction of Rt. 70 and 140; TURN LEFT (east) onto
Rt. 70 towards Clinton.
0.4 TURN LEFT onto West Temple St., proceed to end.
Turn around and park. Walk to west end of W. Temple 
St., enter Worcester North quad, and follow path 
north on east side of Wachusett Reservoir. M.D.C. 
property. No Smoking please.
Along the shore are excellent exposures of the Worcester 
Phyllite of Emerson (1917) (Unit E of Grew, 1973; Unit 
3 of Peck, 1976), at the staurolite grade of metamorphism. 
The rock is a dark-weathering, gray muscovite-quartz 
schist with porphyrobIasts of biotite, garnet, and 
staurolite. Thin interbeds of impure quartzite and 
actinolite- or hornblende- bearing meta-siltstone to 
several cms. thick are common. Many of the porphyrobIasts 
in the schist have been rimmed by retrograde chlorite. 
Conspicuous, tight, early, northwest-plunging folds can 
be seen here in the meta-siltstone beds when the lake 
level is low.
Continue north along the lake in similar rocks for about 
0.5 kilometres, to the point where the path turns 
abruptly away from the lake at a rock cliff about 8 
metres high. STOP HERE, this is the furthest point of 
the walk. The rock at this point and in the outcrop 15 
metres to the south is an impure marble unit first 
noted by Grew (1970). The rock consists of interbedded 
impure, punky brown-weathering marble; more resistant, 
greenish-gray calc-silicate bearing granulites; and 
rusty-weathering, dark gray mica schist that contrasts 
with the non-rusty weathering schists previously examined. 
Two thin beds of nearly pure actinolite are present. 
Skarn-type reactions occur at the contact between some of 























Return to cars via path.
0.2 Proceed east on West Temple St. to Rt. 70; TURN RIGHT
onto Rt. 70.
0.4 Junction of Rt. 70 and 140. Continue straight on 70.
0.6 Enter Worcester North quadrangle.
0.4 Junction of Rt. 70 and Hospital Drive. Continue
left on 70.
0.9 Shrewsbury town line.
0.8 Worcester town line; junction of Rt. 70 and Plantation
St. TURN LEFT onto Plantation Street.
0.4 Junction of Plantation St. and Lincoln St. Stay
straight on Plantation St.
0.2 Underpass beneath Interstate 290.
0.3 Stay straight.
0.1 Sisters of Notre Dame en right. The location of
the Carboniferous fossil-bearing Worcester coal 
mine is on the hill to the right (see Grew, this 
volume).
0.5 Outcrops of "Millstone Hill Granite" on hill to right.
0.3 On left, new University of Massachusetts Medical
School.
0.3 Junction of Plantation St. and Rt. 9 (Belmont St.).
TURN RIGHT (west) onto Rt. 9.
0.1 At Y-intersection, stay right or straight on Rt. 9.
0.4 Outcrops of "Millstone Hill Granite" on right.
0.2 TURN RIGHT onto Skyline Drive. Outcrops here and
to the south of Rt. 9 by Bell Pond are "Millstone 
Hill Granite".
0.7 Outcrops of "Millstone Hill Granite".
0.1 TURN LEFT just before golf course.
0.2 Continue past animal farm.
0.3 Park by stone-framed concession building in Green
Hill Park.
Rest Stop and outcrops of "Millstone Hill Granite" and Oak­
dale Quartzite. From the parking lot, up hill to the south­
east are outcrops of "Millstone Hill Granite". Behind the 
concession stand and along the southeast shore of Green 
Hill Pond are outcrops of the Oakdale Quartzite, light 
green-gray, massive, impure quartzite with occasional, 
thin interbeds and laminae of grey-green quartz-rich 
phyllite. The Oakdale is particularly quartzitic here.
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0.1 Proceed to west end of parking lot. Bear right at
Y-intersection, cross small bridge at end of Green 
Hill Pond and continue up hill.
0.3 To right on skyline is Worcester Airport, highest
major airport in the eastern U.S.
0.2 Exit from park; continue straight on Channing St. 
0.2 Continue straight
0.1 At T intersection by the hospital, TURN RIGHT onto
Kendall St. Proceed one block to Oak St.
0.1 TURN LEFT onto Oak St.
0.2 Junction with Rt. 9; TURN RIGHT (west) onto Rt. 9
(Belmont St.). Get in left lane for entrance to 
Interstate 290 west.
0.05 TURN LEFT onto access to 1290 west, toward Auburn.
0.05 Large roadcut to left on 1290 has contact between
Oakdale and "Millstone Hill Granite" exposed near
northern end of cut.
0.6 Prepare to exit at Exit 14, 122 South, to Posner
Square and Grafton.
0.3 Exit 14 off 1290. EXIT HERE.
0.1 Continue straight past first side road on right.
Outcrop for STOP 7 is on right.
0.1 T intersection; TURN RIGHT onto Harrison St.
Municipal parking lot is on right. Proceed 1/2
block on Harrison St. to Water St. Enter municipal
parking lot and park. Walk one block north along 
Water Street to 1290 exit.
Typical Worcester Phyllite of Emerson, (1917); Unit B 
of Grew, (1973); and Unit 3 of Peck, (1976). Rock is a 
dark gray-weathering, shiny light gray phyllite, well- 
foliated, and slightly graphitic. PorphyrobIasts of 
biotite have grown across the foliation. Numerous inter­
beds of graded impure quartzite and quartz-rich phyllite
from one to several cms. thick are present. The beds
generally dip to the northwest and grading indicates that 
some beds are overturned. Moderately tight, minor folds 
best seen near the southern end of the outcrop plunge to 
the northwest, have axial surfaces that parallel the 
general bedding direction, and have a cleavage cutting 
bedding in their hinge areas. Please do not climb below 
the access road onto the banks of 1290 itself.
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Return to cars. From the parking lot, TURN RIGHT onto 
Water St.
34.4 0.1 At intersection of Water and Grafton St. (first
traffic light), Posner Square, CONTINUE STRAIGHT 
on Water St. and follow sign for Rt. 122 north.
34.6 0.2 At second traffic light, TURN RIGHT onto Franklin
St., pass under 1290.
34.9 0.3 At Y-intersection beyond the RR crossing, bear
on Franklin Street. Outcrop of Worcester Phyllite 
is on the right.
35.2 0.3 Park on side of road by A.V. Ricciardi Sweepers
Rentals and Catch Basin Cleaning. Outcrops by these 
buildings, if still accessible, are Pennsylvanian(P) ,
STOP 8. These outcrops are believed to be part of the Carboni­
ferous deposits in the Worcester area. Outcrops consist 
of steeply-dipping, soft, dark gray, graphitic phyllite 
with several beds of arkose or granule conglomerate up 
to several cm. thick. Biotite and tiny garnet por­
phyrobIasts are common in the phyllite. Small, highly 
weathered pebbles in the conglomerate resemble the
"Millstone Hill Granite", seen in the hill to the north­
west across the railroad yard. Most of the railroad
yard is underlain by Carboniferous rocks (See Grew,
this volume).
Return to cars. Continue along Franklin St.
35.5 0.3 Outcrops of Worcester Phyllite on right, behind junk
yard.
35.8 0.3 Junction of Franklin and Plantation St. at traffic
light by fire station. Continue straight across 
Plantation St. Follow signs to Worcester Science
r .
36.0 0.2 TURN RIGHT onto Harrington Way by playground, second
right after crossing Plantation St.
36.2 0.2 TURN LEFT Into Worcester Science Center and park.
STOP 9. Science Park. By the picnic area at the west end of the
parking lot, in a cut for the miniature railroad and by 
the entrance to the Science Center, the rock is a well- 
foliated granodiorite with numerous biotite-rich inclu­
sions which are elongated in the plane of foliation.
The granodiorite intruded prior to the last metamorphism 
and is possibly pre-Acadian.
Proceed south to the shore of the swan pond (Beware of the 
swans; they bite!) where the contact of the foliated
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granodiorite and the informally named "Science Park 
unit" can be seen. This unit consists of two general 
rock types: a rusty-weathering, dark quartz-feldspar-
biotite schist with a few thin coticule layers and a 
quartzo-feldspathic gneiss. The "Science Park unit" 
occurs between the foliated granodiorite and the Nashoba 
Formation in the southern part of the Worcester North 
quadrangle and continues south into the Worcester South 
quadrangle. It is cut out by the fault at the western 
boundary of the Nashoba Formation to the north (Figure 
1). This unit is 200 metres thick here at Science Park.
The intrusive contact with the granodiorite is also well- 
exposed in the fields to the west of Harrington Way. We 
will visit these if time permits.
Proceed southeast around the end of the pond to ledges 
south of the Science Center. The "Science Park unit" 
here and in the yard by the abandoned house is a feld- 
spar-quartz-biotite schist to schistose gneiss, with minor 
garnet and sillimanite present. Continue northwest along 
ridge to Stegosaurus statue.
From the Stegosaurus, proceed to right (east) downhill past 
Polar Bear Plaza, across the miniature railroad track, to 
the west shore of the pond, to an exposure of the foliated 
granodiorite. Between here and the outcrops to the east of 
the pond is a fault trace separating the foliated granodio­
rite and the "Science Park unit" from the Nashoba Formation. 
This fault is either the Clinton-Newbury or a related fault.
Continue around the south end of the pond to the outcrops 
en the east shore. The rocks here are mapped as Nashoba 
Formation and include layered gneiss with alternating 
quartzo-feldspathic and biotite-rich layers, biotite 
gneiss with feldspar megacrysts to 1 cm., foliated peg­
matite, and small granite and aplite veins. Evidence for 
shearing here includes blastomylonitic layers with sheared 
and rotated feldspar megacrysts.
Proceed along the east side of the pond and around its 
north end to small outcrop on the northwest shore. Here, 
thin layers of mylonite, to 2 cm. thick, can be seen in 
the foliated granodiorite.
Proceed uphill past the wolf pen to outcrops near the 
rear entrance to Science Center building. This is a lens 
of rusty-weathering sulfidic quartz-feldspar-biotite schist 
in the "Science Park unit."
Return to parking lot and cars. TURN LEFT (south) on 
Harrington Way.





Coburn Plaza. Stay straight past basketball court; 
outcrops of Nashoba Formation in the park.
At T intersection, TURN RIGHT (south) onto Lake Ave.
Park along right side of road by large outcrops.
STOP 10. Nashoba Formation. Steeply dipping biotite-rich gneiss
and schist with scattered porphyrobIasts of feldspar 
and quartz. The rock here is somewhat more uniform |L
and dark-colored than typical in the Nashoba. Note the 
presence of pegmatite, sheared pegmatite, and one aplite 
dike. Sillimanite is present here, although not 
abundant. The rock is in the sillimanite-K-feldspar zone 
of metamorphism, although muscovite is still present.
A thin layer interpreted as blastomyionite and mylonite 
occurs near the north end of the outcrop. I
Return to cars and turn around. Follow Lake Avenue north; 
0.5 mile to Route 9. TURN RIGHT (east) onto Route 9 and ( 
proceed to Boston, about 35 miles. I
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